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Abstract 
In the past, structure design mainly adopted strength criterion. At the same time, many problems occurred due to 
structural stiffness deficiency. In order to resolve many practical problems resulted from structural stiffness in aircraft 
structure, and draw out structural potential better, the design idea of active structural stiffness, namely, the method of 
active structural stiffness design (ASSD) is put forward at the beginning of the structure design. For ASSD , there are 
three key factors should be considered, that is, stiffness criterion, simulation modeling and computation analysis. In 
this paper, stiffness criterion, which is important at the preliminary stage of structural design, will be researched; 
Simulation modeling adopts parametric modeling technology; computation analysis is based on engineering beam 
theory, which is compiled and embedded into CATIA to compute structural stiffness. Using simulation modeling and 
computation analysis technologies, ASSD can be achieved quickly and conveniently. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
of Science and Technology 
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1. Introduction 
In the past, structural design mainly adopted strength criterion. When the design is achieved, stiffness 
criterion would be put forward to check the design result. This traditional design method can be defined 
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as the passive structural stiffness design (PSSD). The reason of not thinking of the stiffness criterion in 
the PSSD is that stiffness criterion is generally ambiguous and qualitative in the stage of aircraft 
configuration design. As a result, although designers know the significance of structural design, yet they 
haven’t brought forward explicit stiffness design criterion or taken the criterion into their consideration in 
the earlier design stage. These days, many stiffness problems occurred, especially in the aircraft structural 
design.  
For many years, the stiffness problems of aircraft structure have resulted in many practical problems 
such as flight accident, equipment failure and decrease of control efficiency and structural life etc. 
Various aspects closely relate to the structural stiffness, such as dynamic characteristics, aeroelastic 
characteristics, distribution of aerodynamic load, flight performance, instrument and equipment, structural 
deformation, large opening structure, security and reliability of aircraft structure. So, it is extremely 
important to study the stiffness design of aircraft structure to improve the stiffness capability of the 
structure.
Consequently, in this paper, the active structural stiffness design (ASSD) is proposed. The ASSD 
consists of three parts of contents, which are stiffness criterion, simulation modeling and computation 
analysis. The stiffness criterion is the precondition of the ASSD. How to know the stiffness criterion will 
be introduced in this paper. Applying the parametric modeling technology, fast simulation modeling will 
embody the advantage of ASSD. Computation analysis technology can compute structural stiffness 
quickly and conveniently. 
2.  Research on stiffness criterion 
The structural stiffness is a kind of capability that material, component and structure resist of the 
deformation generated from outer load. The content of structural stiffness design is very extensive since 
the stiffness has connection with material, loaded form, geometric shape, boundary condition, and so on.  
In the ASSD, quantization of stiffness criterion is very significant since it is the foundation of stiffness 
design. Usually, the stiffness criterion is difficult to confirm. Unlike the intensity criterion, the stiffness 
criterion lacks certainness and uniform formula. In a general way, stiffness criterion can be expressed as: 
[ ]i iδ δ≤                                                                               (1) 
δ i  =deformation displacement or angular displacement in i station or section 
[ ]δ i  =allowable displacement in i station or section 
δ i  can be obtained relatively easier through computing or measuring, however, [ ]δ i  is difficult to obtain.  
It is difficult to confirm the value of deformation or corner displacement for the criterion is ambiguous 
and qualitative. This paper considers that the structural stiffness criterion can be confirmed via following 
aspects in the earlier stage of aircraft structural design. 
At the beginning, take the stiffness target into account during the overall design of aircraft. When 
designing aircraft structure, the request of aircraft configuration design should be satisfied undoubtedly. 
In the overall design stage, many requests related to stiffness criterion will be put forward, such as the 
wing tip displacement and torsion angle. 
Here, some things needed to be taken account. Usually, when accounting for stiffness, it mainly refers to 
δ i . In this paper, the section stiffness is used to replace ofδ i . The purpose is that the section stiffness is 
convenient for structural design. The section stiffness includes tension and compression stiffness, bending 
stiffness, torsion stiffness and shear stiffness. The section stiffness can be expressed by symbols as EA, EI, 
GJ and GA.  
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E = elastic modulus,  
G = shear modulus,  
A = sectional area,  
I = moment of inertia  
J = second polar moment of area.   
E and G are related to structural material, and A, I, J are correlated with sectional parameters. 
Second, consider it from the angle of the structural function. If the value of deformation displacement 
or corner displacement is too large to carry out the structural function, we can consider the value as the 
reference of stiffness criterion.  
For example, structural dynamic strength has relation with stiffness. If the wing structural stiffness or 
the position of stiffness center is not appropriate, aeroelasticity problem will occur. In addition, there is 
stiffness restriction for equipments installed. All these stiffness request or restriction can be account for 
stiffness criterion. 
Third, consider it from the angle of similar aircraft structure. While designing aircraft, sometimes we 
could refer to aircraft of similar performance. So, at the stage of primary design stage, stiffness criterion 
can be calculated according to similar aircraft [1].  
Wing stiffness can be given as 
2
2 2
cos ( /16)
(
(0.9 0.33 ) (1 0.8 / )
π
η
× × ∧ −∝ − × × +GJ EI A
2q s）                                                                        (2) 
Then, the stiffness relationship between the designing wing and the reference wing will be confirmed 
by 
( ) ( )= ×GJ K GJnew ref                                                                                                               (3) 
( ) ( )= ×EI K EInew ref                                                                                                                 (4) 
2 2 2 2
q s AK K K K K Kη
− −
∧= × × × ×                                                                                                 (5) 
/=qK q qnew ref                                                                                                                              (6) 
  /=sK s snew ref                                                                                                                              (7) 
 [cos( /16)] /[cos( /16)]π π∧ = ∧ − ∧ −K new ref                                                                       (8) 
(1 0.8 / ) /(1 0.8 / )= + +AK A Anew ref                                                                                          (9) 
(0.9 0.33 ) /(0.9 0.33 )η η η= − × − ×K new ref                                                                           (10) 
EI = bending stiffness  
GJ = torsion stiffness  
q = dynamic pressure 
S = wing area 
Λ = sweepback angle of quarter chord 
A = aspect ratio 
η = taper ratio 
Kq = conversion factor of dynamic pressure 
KS = conversion factor of area 
KΛ = conversion factor of sweepback angle 
KA = conversion factor of aspect ratio 
Kη = conversion factor of taper ratio 
K = conversion factor of stiffness 
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In the ASSD, the stiffness criterion can be estimated according to these three aspects. When the stiffness 
criterion is confirmed, there will be a definite object in view, the same as the strength design. Further 
more, the change of design request will lead to the change of stiffness criterion.  
3.  Fast simulation modeling technology 
The emphases of fast simulation modeling technology [2, 3] rest on not only fast in modeling but also 
fast in amending models. The fast simulation modeling technology benefits from the development of 
parametric modeling [4]. Parametric modeling is a very powerful tool that could help to reduce design 
time significantly; moreover, it is especially good at re-designing structure. 
    Different definitions exist for parametric modeling. In this paper, parametric modeling refers to a 
solid model. The model could change easily with the section sizes` change. These sizes include the skin 
thickness, the sectional parameters of beam and truss etc. In this way, modifying the model’s values 
would lead to the change of section size which connected with the sectional stiffness.  
Nowadays, the parametric modeling technology develops quickly, and many modeling methods come 
from developing of the existing software’s platform. Software MSC.Patran can actualize simulation 
modeling, and on the platform of it, patran command language (PCL) can carry out parametric modeling. 
At Boeing, parametric modeling was investigated using Unigraphics and the method was applied to re-
design projects and new design programs. In this paper, the parametric modeling is realized on the 
platform of CATIA.  
Here, the structure is separated into three parts. There are structural profile, structural feature position 
and structural section parameter. Usually, at the stage of primary design, structural profile and feature 
position are relatively confirmed; therefore, section parameters become the design emphasis. While 
developing the CATIA software, the procedure can not only be run within the CATIA environment, but 
also be accessed from outside. In this paper, the program is run within the environment of CATIA. 
4.  Approximate synchronous computation technology 
Approximate synchronous computation refers that, when the structural parameters change, the new 
structural stiffness can be computed rapidly. Approximate synchronous computation embodies the 
difference between the ASSD and PSSD.  
In order to realize the approximate synchronous computation, program is compiled on the platform of 
CATIA [5]. The program written in Visual Basic (VB) can be used to calculate the structural section 
stiffness.  
When approximate synchronous computation is used, the process is as following. Firstly, the target 
structure should be prepared; then, generate planes at the sections that needed to be computed, using these 
planes to split the structure model, the section parameters will be obtained; in succession, pick up these 
parameters to generate new section shape; finally, the section stiffness will be got through inputting those 
section messages to the program and running it.  
5.  Appliance of ASSD  
In this paper, in allusion to some wing, appliance of ASSD will be introduced. Following, the ASSD 
will be introduced on the basis of running program. 
The first step, the stiffness criterion needs to confirm according to the known condition. Suppose there 
are two similar aircrafts, called A and B. Their performance parameters are shown on table 1. According 
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to the formula 5 to 10, the stiffness conversion factors can be deduced, shown on table 2. Therefore, 
stiffness distribution of B can be obtained, shown in figure 1. Thus, the stiffness criterion is confirmed.  
Table 1. Performance parameters of aircraft A and B 
 A B 
Dive Speed(m/s) 210.922 210.922 
Dynamic Pressure (N/m2) 27248.955 27248.955 
Wing Area (m2) 185.25 126.07 
Sweepback Angle 25.000 25.000 
Aspect Ratio 7.8 9.391 
Taper Ratio 0.211 0.246 
Show Length(m) 38.05 35.8 
Tip Chord(m) 1.73 1.664 
Root Chord(m) 8.2 6.2 
Table 2. Stiffness conversion factors  
parameter Value 
Kq 1 
KS 0.681 
KΛ 1.0 
KA 0.984 
Kη 0.986 
K 0.4917 
Fig. 1. Stiffness distribution curve of A and B 
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The second step, parameter modeling can be executed. In this paper, parameters contain skin thickness 
and section size of beam and truss. The program interface can be seen in figure 2 and 3. In the figure 2, 
the skin thickness can be input directly, the form of beam and truss can be selected in figure 2 and the size 
of beam and truss can be input in figure 3. The model can change quickly according to the change of 
parameter.  
     
Fig. 2. Skin thickness parameter input interface            Fig. 3. Truss and beam parameter input interface 
 The third step, after the model been generated, the section stiffness can be computed fast. First, some 
section can be picked up from the model. Then, executing the computing program, the section stiffness 
can be output very fast. The output interface can be seen in figure 4. 
Fig. 4. Stiffness data output interface 
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    The last step, comparing the stiffness from the third step with the stiffness from the first step, if the 
result is appropriate, the design process will be over, otherwise, the parameters need to be redesigned.  
6.  Conclusion 
In this paper, the emphasis of simulation modeling and approximate synchronous computation 
technology is fast parametric modeling and instantaneous computing. The technology can implement 
ASSD quickly and will play important role in structural design. 
At the same time, the technology is not fully developed. At present, it can only be used in single-
walled chamber; program for calculating multi-walled chamber is on programming. 
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